Experimantal studies in Quantitative Genetics

1. Reasons for the research

Zasic quantitative zenetics in corm is being done at aoma ingtitutions
in the U.3., particularly at North Carolina where emphasis is ziven to
breeding methodology. The axperimental schemes being employed and material
under invaestigation in the U.3. {83, of nacessity, restricted with regard to
genatic diversity among types adapted to different reglons. While the
{nformation being sought will be of tresmendous value, both In providing
ssnetic understanding and as tha basis for development of breeding techniques,
it 13 not likely to have jeneral applicability to the corns of Central and
South smerica. The kind of information being sought in quantitative genetics
research in the U. 3. programa is slso needed for the Latin American programs.
The nature of the action of zenes f.n the corn is of prime importance in
understanding the zenetics of these races as well as providing a sound and
efficiont basis for utilizing them in local and U. S. breeding programs.
further, it is not possible to move these corns to the U. 3. or other aress
vhere they arse not adapted and do the required research. The programs of study
must be carried out where the races have evolved if rellable and meaningful
information is to be developed. lowever, the program does envisage movement
of the axotic types into regions of non-adsptation as attempts ara made to
incorporate the jerm plasms into U. 3. corns. This latter phase of the work
will hava more concarn with possible utiliszatfon of Latin American corns to
broaden the jenatic base of mpve highly avolved varieties.

Gne of the wmost important justifications for tha studies to be outlined
below is their use in providing theses topic for latin An:iican astudents who

will e working for the M.3. and PhD dagrees in Latin america and U. 3.
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institutions. This will provide a variety of opportunities for students to
e inwolved with basic enetic research at the jraduate level and ahould
load o “ho kind of development in their thinking that will he of wost value
in thedr Future amployment. Tha students chosen to do advanced study in the
Yo 3e 41l 2ave tha opportunity to carry out the oxperimental work on a
thesis problem at a Latin American center and have a problem that is fully
acceptable at the Y. 3. university.
Ixamples of the kinds of guastions for which information is needed are:
i, that is the nature of leterosis in the inter- and intra-vacial
crosses’
2, hat is the relationsiip Letween the leterosis smong vacicl
crosses and proposed avolutionary development of thae vaces!
3. 1s the nature of _ene action simdilar in ancient and wpdern Taces?
4e low lmportant is additive ;enetic, dominance and cpistasias in
ghe actions of senes conditioning the expression of the guantitative
traits such as yield?
5, What i3 tha potential improvement in yield within races of
raaize and Lwow does this Jiffer .n ancient and modarn complex races?
e Does the genetic variability of potential usefulness increase
and how such with inter-crossing of races?
7. Presumably strong linkage comploxes exist and may persist for long
periods in interbreeding populations of the lLatin American corns.
ihat offoets do the linkaze affects have on omean and variance
ostimates of tha jenetic 2ffects in diffarent kinds of populations and
senarationa?
Je liow can tha axotic and exotic x Ue 3. corn interbreeding populae

zions Le manipulated =0 incrcase vecombinations and attolnment of



iinkage aquilibrium? (Possibility 9f incprporating factors such as
'Eﬁéfiii 2 Zor increasing recombination ratos.)
2. hat L5 the potential valus of races of maize in {entral and jouta
america for corn ilmprovement throughout the world?
joma oxanples of the kinds of studies thet are visuallzed are outlined
below. In cowe instances work has already been initiated and others; atudies
are In the plaunning stagzes. The program of work jiven is for Mexico and
involves the rtaces of aaize of that country. sSome of the same type of
invaestisations are planned for other centers in Zouth America with other
materials and it 13 intended for these plans to serve as examples of types
of research needads The details an the procedures of a speeliic atudy will
e Jdevelopad with tha Zatin American project leader,
IXI. sStudies o e conducted
A« leterosis in intere and intraeracial crossas.
1, intereracial crosses
in important question in hasic jenetlcs and appiled Dreoeding is the
rature of hatarosis and mean yisld performance of racial crosses. LSvidence
from intar=erosaing of U.3. open~pollinated varieties indicatass heterosis
in vield, neasured from nideparent, may be from 107 - 20%. The yield
nerformance of U. 3. variety srosses has, in soms instances, approached that
of commercially important double cross hybrids. Preliminary information
irom tha Hexican corn program indicates that race crosses may axcel, by as
much as 39%, the yield of the adapted commercial hybrida. In order to curvey
the races and their crosses it is proposed to do the following
2o ike all possible crosses among the 25 basid lexican races.
A ''reprosentative”’ type will Le chosen for cach race in ordar
t0 proceed with this studye A minioum of 100 plants will he

used a8 Zemalo parventu in making the raclal crosces and afforts



17ill Le made to have meny wore individual plants represented.
squal quantitics of seed Zrom cach of ths pollinated ears will
be imlked for teating.
ue Intorereglonal croasses
The 25 races will Le crossed with gelected broadebase
ontries from other areas; @.;3e. Southern i.35. prolific variety
croes {Jarvis x Indian Chief), corn baelt synthatics {Iowa stiff
stalk synthetic) and other corn belt composites involving alite
lirnes, Superior varieties from Columbia, 3. A.
e Zvaluation of race crosses
i. The 300 crossas of the 25 races, the racas themselves and
inter-rogional race and variety crosses will be studied in
roplicated yield performance trials at Ligh, medium and
low altitudes in lexico. JSome suparior hybrids, adapted to
the zegion of the tasts, will be included, It 13 anticipated
zhat poor performence may result from inter-crosses of none
adapted types. I!owever, the first performanca study will
e attespted with all possible crosses {reciprocal crosses
a0t diatinguished) in ordexr to provide tha preliminary
evaluaticn. Repeat evaluations planned for futurs years will
be reduced to types whers first year evalustion indicated
sufficiently high performance to warrant further testing.
Tha results will provide information on
{(a) gzenetic diversity among the races as reflected in
netorosis
{t) indications a3 o which racas should e chosen for

more intensive hasie genetic astudies



(c) possible races for base populationg to Le utilized

in breeding programs
2, Intra-racial crosses

dany collections (varieties) of various races are presently
avallable and being maintained. vhile it is planned in other
arcas of research of the iInter-Azmerican Maize Proyram to
develop composite interbreeding pools of jerm plasm, evaluation
studies are necessary on certain collections of varieties within
the races., It 15 proposed to atudy variety crosses within some
af tha races to provida Information on the jenstic diversity
among such varieties. The studlies will e the basis for
decizions on

{(a) ilecmssity for maintaining separatae ;jerm plasm pocls

with the race

{b) Thas walidity of present racial classifications

(Implications Zo be derived from inter- and intraeracial

€x08368)

{¢) Praliminary information on racial srizin, Varieties

that are apparent miztures of two or aore racss comparcd

to true intra=racial collection will be of interest in

this regaxd.

daterials to be studied in the imgediate future are

{a) All possible crosases among 12 varietica within Tuxpeno.

Thiy study will include the varieties, varicty croases and

certain adapted hybrids

(b) All possible crosses among 10 varieties of Jalvadoreno



Ewaluation trials dll include varietics, varicty
crosses, and race composite crossed with a series of
othar races

{c) Variety x tester covaluation

A series nf atudics would utilize elite varicties
such as Ver. 131, Azteeca, and AES301 waich would be
used as comeon testers of jroups of varleties with

gcartain races.



3. Isture apd magnitude of genetic variability

The relative cmounts of various kinds of genetic variances in the
Lasic raoes of aadize 1s of importance in fundsmemtal semetics znd Lreeding
awonodolxgy. It 18 oroposed thnt extansive genetlc variability lnvestizo~-
tions De conduttad oz 2 limited mumber of races 1a the Interedimerican Helce
Procrom.  In general, these studies would not be initinted until prelimine
ary investigations of the races and racial crosses ave been conducted. Also,
she Jdevelomment of sudtsble composites of callections within the races would
;:.p« already been done. Yhile the zrelinminary work and ldeal composites sre
azt ret available in the Mexican program, it is nroposed Lo proceed with come
intensive zenetic variability studies. It is likely that owrDicient informae
sicn 13 alresdy avellable 16 sonlils the choice of sultsble stocks.

1. Design I studles

It is mroposed w0 follow the schene Jresently being used

It Torth Coarclina for the comduct of these studies. Biparental sroups of
Jell- mad Dullesid fomilies will be produced in each population for evaluatlon
ia yield trimls, 3izty-four nele jpoups, four Izmales per male, will be
tdliced with two to four replications of emeh entry. Studies will, in 30
Zoxr o sonaible, be conducted at two or more locastiong and in AdlfTerent resrs.
Topulaticns to be used in the Initdsl ohase of the work in Hexico are:

(1) Tuxpenc
(2) Chelgueno

(3) Conico
{L) faletel
(3) Twrgeno x Nal-tel -

Thase wpulations represent the racge of races of madse Irom
the ancient inddeenocus to the modern inediplent and complex forms. The infor-
avblon wioin oach wpulation will indicate:

{1} ‘mowsts of adddtive sjenstic variance snsbling orediction of hogelule

vRRITeals U3vEs CRINLOWS 38LeClGn Iomes.
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roce oand combribute hesvily to the Jominance worimnce 1n either true

dugainanee oh she senle leoval or sffects of linkawe .y raflect in these asti-
arses.  oplgtatic wardonce may alao e lmportant owud contyibute to the vaxlancs

st lomeos.

{3

A selectisn conseguences

Ifacsa of mrevious seloction on reces within Mexico and comparicons
wita exctic and U, 3. pomalations

Comparison of 2stinntes Detween races is important to provide

arailon ons

imla ov

Gature of eoetic veriances as a consequence of raciasl ovoludtion.
Potential Ureeding value of different Zimdg of reces in terms of

selection progracs and cemm plasm o be utilized.

Ilacko of Taclal aixing and ybriddesticn on senetic rexiabilliy.
Hecessity Tor utilizing Jifferent Lreeding seaemes with didfaerent

IACesS.



<. Dreeding Hethodolomy
1. iizso seleetion
It is likely thmb masa selectlon will be offective 1o the
Improvement of yiedd 1o meny of the exotlc races of Latin America. The
fmatiad oxi continued srogress will depend upon the availobility of addi-
tive jenetic varisnce within the populstions. Mass selection should be inite
ioted and contimied Jor sevesal cycles to provide an evaluntion of rate snd
altinete orogress in yiadd Lsprovenmsnt with such naterial,
Tha studies would be conducted with part of all of the
'ﬁ‘:xlléw.me;:
a) Tuxpens
%) Chalqueno

2) Conico
d) Haletel
e} Tuxpens x Nal-tel
These populations are chesen in order that informtion Joe

rived in {B) ond (C) vill have cross interpretations of importance to genetic
understanding ags well as mwwetical Yreeding value. In regard to the lajter,
recuancy of fovoroble genes will bBe accownlated and result in material of

increazing value for Lreeding stocks.
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J., TInter-racial Gene Action
™o or more races would De chosen to he used in series of studies tiat
+11) utilize intere and iuntra-racial entries at (iffecent generstions. The
races S0 be used will be selected on the bhaals of the inter-racial cross
study and the cholce should be made of races indiecating different iinds
of zene actiom operating in the race crosses.
Some studles to be conducted are!:
(1) ZInbreeding depression with different levels of
.mtw zymosity narents {races), 5‘1, ?2, Pirat and second back erosses,
7 1 seiled, nnd FB 3elled zenerationa would be utilized.
(2) Effects of inter-mating on gene complexes.
The meterial fo be wtilized would be parents
{roces = A & B), Ty = Ax 3, T, = AB, and varicus sdvanced generations thit
have been produced by alb nating e.g. Asé, ABy e ilso, 1t mgy be desir-
able to inelude the two xinds of backeross entries, ABB and AAB. These
il aleo be advanced to tha Gth end 10th generstions with ramdonm mating.
This stwly would provide Information oni
(1) Optimm mixzing time In racial crozsese
linkage aflecls.
{2) Poasible effects of epistasis.

(3) Rute of dissipation of heterosis.



